Background/Aims: Early colorectal (CR) neoplasm can be cured by endoscopic submucosal dissection (ESD), but clinical experience and factors associated with complications from ESD for CR neoplasms in China have not been reported . Methods: Seventy-eight cases of early CR neoplasm treated with endoscopic resection performed between December 2012 and December 2013 at Beijing Military General Hospital were included. Factors associated with ESD complications and procedure times were evaluated. Results: The en bloc resection rate was 88.5% (69/78), tumor size was 32.1±10.7 mm, and procedure time was 71.8±49.5 minutes. The major complication was perforation, which occurred in 8.97% of the ESD procedures. Multivariate logistic regression analysis indicated that only tumor size (p=0.022) was associated with ESD perforation. Tumor size (p<0.001) and the non-lifting sign (p=0.017) were independent factors for procedure time, and procedure time (p=0.016) was a key factor for en bloc resection. After a median 10 months (range, 4 to 16) of follow-up, no patients had local recurrence. Conclusions: This study indicated that ESD is an applicable method for large early CR neoplasm in the colon and rectum. Tumor size and the non-lifting sign might be considerable factors for increased complication rate and procedural time of ESD.
INTRODUCTION
Endoscopic submucosal dissection (ESD) is a newly developed technology, through which a monoblock resection on the mucous or submucosa layer with a diameter larger than 20 mm can be achieved. As there are anatomical differences, ESD for colorectal (CR) neoplasms has met with some limitations compared to performing it in the upper gastrointestinal (GI) tract. Following recent technical improvements, early CR neoplasm can be cured by ESD in China, but clinical experience with and factors for outcomes following ESD for CR neoplasms has been rarely reported. We report our experience and clinical outcomes in performing ESD using our own results.
MATERIALS AND METHODS

Clinical data
Data were collected from 78 cases of endoscopic resected CR neoplasms from December 2012 to December 2013 at Beijing Military General Hospital. Patient selection was according to suggested indication, 1,2 as shown in Table 1 . Before operation, patients underwent routine check electrocardiography, chest radiography, and hepatorenal function, coagulation function, and blood glucose measurements. Written informed consent was also given.
Instruments and operation method
Lesions were identified using high-magnification PCF-Q260AZI endoscopy (Olympus, Tokyo, Japan) with narrow-band imaging, and then were sprayed with 0.4% indigo carmine. We used a PCF-Q260AI endoscope (Olympus) with a transparent hood attached to the tip for ESD. The injection needles were from MTW Endoskopie (Wesel, Germany). Sodium hyaluronate (Shanghai Seebio Biotech. Inc., Shanghai, China) was injected into the submucosal layer to form a submucosal cushion, and a Dual-knife (KD 650U; Olympus) was used to dissect the lesion (Fig. 1) . Carbon dioxide insufflation was used during ESD to reduce patient discomfort. Anesthesia was induced with a small amount of propofol. Immediate perforation was diagnosed when a small deep hole with visible omentum could be observed on the endoscopic monitor. Bleeding was defined as hemorrhage of visible large vessels, requiring the use of special hemostatic forceps. Procedure time was defined as from the first cut of the lesion to its complete removal.
Postoperative management
The resected specimen was stretched out and fixed onto a foam plastic board with pins. Its size was measured and pictures were taken. The specimen was then soaked in formaldehyde solution. Pathological study was performed on successive parallel slices with an interval of 2 mm. En bloc resection was defined as one piece of tissue. R0 resection was defined as tumor-free lateral and vertical margins on histological examination. R0 resection without SM invasion deeper than 1,000 μm or unfavorable histological risk factors related to lymph node metastasis (i.e., lymphovascular invasion, poor differentiation, or tumor budding) was considered a curative 
Follow-up
Colonoscopy was scheduled at 3, 6, and 12 months after ESD, and then annually. Any suspicious lesions were confirmed on biopsy.
Statistical analysis
The statistical analysis was conducted with SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). Independent two-sample -test was used for continuous variables. Fisher exact test was used for categorical variables. The odds ratios (ORs) of factors significantly associated with complications were analyzed with logistic regression. Linear regression analysis was used to determine factors correlated with the ESD procedure time.
Characteristics with p<0.2 were included in the univariate and multivariate regression models. Statistical significance was defined as values of p<0.05.
RESULTS
Patient characteristics and treatment results are described in Table 2 . Histologically, there were 39 adenomas (50%), 32 intramucosal adenocarcinomas (41%), three adenocarcinomas with superficial submucosal invasion (<1,000 µm, 3.8%), two adenocarcinomas with deep submucosal invasion (>1,000 µm, 2.5%), one adenocarcinoma with lymphovascular invasion (1.3%), one adenocarcinoma with poor differentiation (1.3%), and no cases with muscle layer invasion (0%).
Immediate perforation occurred in seven patients (8.97%) during the ESD procedure, of which five perforations were closed successfully with hemoclips (HX-610-090L; Olympus) during or after the procedure. Two cases were suspended, one of was subjected to surgical operation immediately, in whom histopathological examination confirmed a poor differentiation. The perforation in the other was successfully closed, and the patient treated with a second ESD procedure. Postoperative hemorrhage occurred in one patient (1.28%), and was treated successfully with hemoclips (HX-610-090L). There was no significant procedure-related mortality in our study.
En bloc resection was performed in 69 cases, with a rate of 88.5% (69/78). The remaining seven lesions were resected in two or more pieces by a combination of ESD and endoscopic mucosal resection (EMR), except for the two suspended cases. R0 resection rate was 85.9% (67/78), as an additional two cases were histologically judged to have positive lateral margins. The curative resection rate was 82.1% (64/78), with an additional two patients with submucosal invasion of more than 1,000 μm and one patient with lymphovascular invasion.
As shown in Table 3 , factors affecting ESD perforations were tumor size (p=0.012) and histology (adenocarcinoma-m; p=0.166). The multivariate logistic regression model indicated that only tumor size (p<0.05) was associated with ESD perforations (OR, 1.45; 95% confidence interval, 1.06 to 2.00; p=0.022). The mean procedure time was 64.1±52.4 minutes. In Table 4 , multivariate linear regression indicated that tumor size (p<0.001) and the non-lifting sign (p=0.017) were key factors for procedure time. In Table 5 , we also analyzed factors affecting the en bloc resection rate, the results of which indicated that procedure time (p=0.016) was a key factor associated with en bloc resection. The median follow-up duration was 10 months (range, 4 to 16). No patients had local recurrence after ESD.
DISCUSSION
The common methods of endoscopic minimally invasive therapy for early GI lesions include EMR and ESD. EMR is suitable for smooth lesions with diameters from 5 to 20 mm. When the lesion diameter is more than 20 mm, endoscopic piecemeal mucosal resection (EPMR) has previously been accepted as a treatment modality. However, pathological assessment is more difficult, and the risk of incomplete resection or recurrence is increased. 5, 6 ESD is a newly developed technique, through which a monoblock resection to the mucous or submucosa layer with a diameter larger than 20 mm can be achieved. According to recently published studies, the en bloc resection rate was 80% to 98.6%, 1 and the complete resection rate was 70% to 98.6%. The en bloc and R0 resection rates in this study were 88.5% and 85.9%, respectively. With a higher rate of en bloc resection, histological evaluation of the resected specimens can be done, especially for suspected malignant lesions. Histological diagnosis confirms that cases with a submucosal infiltration depth of tumor cells less than 1,000 μm, and with no evidence of lymphovascular invasion or poor differentiation, may have a lower rate of lymph node metastasis, and surgery can be avoided. 7 In this study, surgery was suggested for two patients with submucosal invasion of more than 1,000 μm, and one patient with lymphovascular invasion.
The rate of perforation was 8.97%. All perforations were closed successfully with hemoclips during or after the procedure, except for one case with poor differentiation. The multivariate logistic regression model indicated that only tumor size was associated with ESD perforation. In our study, a non-lifting sign was disclosed in 19.2% of all ESD lesions. Reasons for this were biopsy, tumor infiltration, and residual tumor after previous treatment with EMR or EPMR. Multivariate analyses revealed that tumor size and the non-lifting sign were key factors for operative time. ESD is a relatively long procedure, and the procedure time was a key factor for en bloc resection. Taken together, tumor size and the non-lifting sign might be considerable factors leading to a long operative time and a lower rate of en bloc resection.
The implementation of ESD in the colon is more challenging. It needs more advanced endoscope technology and a longer learning cycle. The operation complexity and the complication occurrence rate may vary with the tumor position, presence of the non-lifting sign, or tumor size. 2 In this study, only tumor size was shown to be associated with perforations. Differences with the previous study might be due to the lower number of patients included, 8.7% versus 3.8% in the cecum, and 20.7% versus 19.2% with the non-lifting sign. On the other hand, this could also be because the endoscopists had more experience with the technique of ESD in the colon and rectum. Procedures were performed over a yearlong period by our endoscopists. Before and during the study period, more than 300 gastric, esophageal and ESD procedures for CR neoplasms were performed, reflecting the endoscopists' ESD expertise.
In conclusion, our study re-confirmed that ESD is an effective technique for large superficial CR tumors. ESD performed by experienced endoscopists can be a safe and effective procedure for treating large CR neoplastic lesions even in positions that may be more difficult to treat with an operation. Further studies are needed to confirm our results for ESD for CR tumors, and a prospective randomized trial is needed for comparing the performance of ESD in different positions.
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